Here we examine the findings obtained for disaccharide/water mixtures near glass transition that involves cooperative relaxation features on kinetic by viscosity and on thermodynamic behaviour by neutron scattering. Then to address cooperative phenomena that mitigate the Debye-Waller behaviour we invoke Adam-Gibbs' idea of a cooperative rearranging region. Neutron results suggest that the excess mean square displacement behaves as free volume and is closely connected to an elementary step of the structural relaxation. Then viscosity data evidence a breakdown of the Einstein-Debye relation, decoupling attributed to the intermolecular cooperativity.
Introduction
The microscopic origin of the protective action of trehalose on cells and tissues from stress conditions such as freezing or dehydration, is at present matter of extensive discussion [1] . Trehalose is a non reducing disaccharide having high glass transition temperature, is well known for effective stabilization of macromolecules like proteins [2] , small molecules [3] , and it also acts as a cryopreservative of cellular membranes [4] . The name trehalose was introduced in 1858 to describe a main constituent of shells that are secreted by various insects on tree leaves in the Middle East [5] . Then α,α-trehalose is a disaccharide of glucose constituted by two pyranose rings in the same β configuration, linked by a glycosidic bond between the chiral carbon atoms C 1 of the two rings. Trehalose is present in several organisms and common foodstuffs such as bread, wine, beer, vinegar, and honey [6] . In addition to being non-reducing, trehalose possesses several unique properties, including high hydrophilicity, chemical stability, non-hygroscopic glass formation and no internal hydrogen bond formation. The combination of these features does not explain the role of trehalose as a stress metabolite. While sucrose belongs to the small set of compounds that were selected by organisms, ranging from single cells to amphibians and higher plants, to resist dehydration, osmotic shock, and freezing at subzero temperatures [7] [8] [9] [10] . More precisely, sucrose is constituted by a glucose ring in the β configuration and a fructose ring in the β configuration; the α and β structures of the same monosaccharide differ only in the orientation of the OH groups at some carbon atom in the ring itself.
Experimentalists, to get some insight into the molecular mechanisms of cryo-preservation, and to clarify the reasons that make these molecules effective bio-protector, have examined aqueous solutions of disaccharide in a wide range of concentration and temperature [11, 12] . While various neutron diffraction results [13] [14] [15] [16] [17] [18] [19] [20] show for all disaccharides, and for trehalose to a large extent, a strong distortion of the peaks linked to the hydrogenbonded network in the partial radial distribution functions that can be attributed to the destroying of the tetrahedral coordination of pure water. Viscosity measurements on sugar aqueous solutions [15] demonstrate that trehalose has, in respect to the other disaccharides, a stronger kinetic character in the Angell's classification scheme [21] [22] [23] .
Here we report a study on the molecular kinetics of sucrose and trehalose aqueous mixtures by viscosity measurements, and by neutron scattering in thermodynamics manner. We highlight glass-forming liquids in which the Debye-Waller factor [24] slope change with temperature can be connected to the Adam-Gibbs' idea of cooperative rearranging regions, CRR [25] . Microscopically, a glass still has liquid-like structure; no structural change has been found which would explain the glass transition.
The size of CRR for disaccharide-water mixtures was calculated using neutron scattering data by "bond-lattice" model. In this sense, about the dynamics properties, the cooperatively rearranging region, CRR, is the smallest freely fluctuating representative subsystem functional to the α process [26] . The term "fluctuating" refers to a thermal fluctuation of CRR in glass transition range. Mean thermal fluctuation could be considered as an intrinsic parameter of glass transition that is responsible for changes in CRR volume due to the changes of conformational entropy. These changes generate the rearranging of short part bead in the molecule [27] o the monomer unit in the polymer independently of their neighboring regions. CRR can be described as the volume of material with autonomy of relaxation process induced by thermal fluctuations. Then, the study of CRR could improve the understanding of the relaxation processes in amorphous materials at temperatures close to the glass transition temperature value, where, glass transition process could be evaluated in terms of coopertively rearranging regions. We test the validity of the Adam Gibbs theory [25] for our glassformers in order to describe this microscopic dynamical mechanism. The flow in a supercooled fluid involves cooperative motion of molecules and the structural arrest at the glass transition is due to a divergence of the size of cooperating regions. Donth [28] proposed an interpretation of CRR in terms of thermodynamic fluctuation model of small volume in material based on configurational entropy fluctuations. Such small volume that is named as sub-system is assigned to a local cubic nanometer size volume in amorphous materials. Later, Sillescu [29] connect the CRR term to dynamic heterogeneity of such sub-system. According to his conclusions more available conformational states are possible only if CRR is large enough.
A fundamental difference between a glass and a supercooled liquid is the presence in the latter of both conformational and vibrational motion. Motion in the liquid can be represented by an atom vibrating about an equilibrium position which is itself changing with time as a result of diffusion. Conformational motion, also know as relaxation, and vibrational motion are distinguished by time scale of typically one nano-second and one picosecond, respectively. While, what is not understood is the way in which conformational motion freezes out at the glass transition temperature and the way in which it influences thermodynamic properties. The fast process with characteristic times of the order of a picosecond [30, 31] that set in at around the Vogel-Fulcher temperature [32] is directly related to the glass transition. While it was found [30, 31] that the slow process with temperature characteristic times of several hundred picoseconds setting in near glass transition temperature is an elementary process connecting to the conformational transition. In accordance with the onset of the fast processes, the mean-square displacement shows an excess value [33] , suggesting that the excess volume is required for these motions.
On the other hand, as a glassforming liquid is cooled, we observe a macroscopic viscosity divergence that is related to the divergence of the microscopic structural relaxation time. In the free volume theory [34] viscosity is related to free volume. These observations remind us of the model proposed by Buchenau and Zorn [35] [36] [37] [38] . These authors suggest a close connection between viscosity and the relaxational mean square displacements of atoms. Theoretical models predicted that a given atom group performs back-and-forth motions in a cage, the fast process, where the probability distribution in the cage motion is a Gaussian with the mean-square displacement.
If the amplitude of the fast process exceeds a critical displacement, u 0 , the slow process takes place. Assuming that the characteristic time of the fast process is independent of temperature [39] , the waiting time for the occurrence of the slow process, at a given atom is proportional to the probability of finding an atom outside the sphere with radius u 0 .The slope of the linear relation in provides u 0 , which may be considered to be a critical value of the excess mean square displacement required for the structural relaxation. Therefore, Johari-Goldstein process β [40, 41] is considered to reflect a localized motion in a "island of mobility": in the inner less dens and more mobile part of a CRR [42] . 
Experimental Details
In this picture, the elastic scattering intensity is given by:
where ΔG = ΔH -TΔS is the free energy change due to the jump of mobile protons from the ground to the excited state with ΔH and ΔS the corresponding enthalpy and entropy change respectively. The 1 2 p p ratio of hydrated samples shows the existence of two different Arrhenius-like trends. The first one describes the 2 1 p p low-temperature region and at a certain temperature 1 2 p p begins to deviate from this low-T curve, then a second Arrhenius trend is needed to represent the ratio. This behaviour seems to indicate the onset of a second anharmonic process corresponding to the dynamical transition where the excited state of the double well begins to be occupied. When 1 2 p p begins to deviate from this low-T curve, then the enthalpy and the entropy change are consistent with the activation of a dynamical process and the onset of new anharmonic degrees of freedom.
in which the first term gives the Gaussian contribution to the proton mean square displacement (MSD) (Figure 1 ):
where p 1 and p 2 are the probabilities of finding a hydrogen in the ground or excited state. In this picture S c (T) (Figure 2 inset), the macroscopic configurational entropy per mol of particles, is given by contributions from both the excitation entropy and the entropy of mixing of the unexcited and excited states [43] . S c (Figure 2 inset) quantifies the excess of configurations accessible to H atoms via jumps from the ground to the excited state, within the double-well model schematization. From the increase of S c we can infer that the solution makes accessible to the proton a higher number of substates.
At below dynamical transition temperature
and the second term,
takes into account the emerging contribution related to jumps between the two wells, i.e. relaxations faster than experimental energy resolution. As shown in Figure 2 , the trend of 1 2 p p for the samples can be well described with an Arrhenius function:
From Adam-Gibbs model, as the temperature decreases, S c (T), decreases towards zero at the so called Kauzmann [45] temperature. Kauzmann pointed out a peculiar thermodynamic circumstance presented by glass-forming liquids, that achives its most vivid form for the fragile liquids [15] . About the concept of fragility [22, 23] , one might say that the concept is based upon the observation that strong liquid that tend to form strong direct intermolecular bonds, exhibit Arrhenius behaviour with rather large activation energies over the entire accessible temperature range, whereas fragile liquids that tend to form rather weak, undirected intermolecular bonds, exhibit super-Arrhenius behaviour over the lower part of the accessible temperature range and Arrhenius behaviour with rather low activation energy in the upper part of the accessible temperature range. We now enquire whether or no the observed non-Arrhenius molecular kinetics of our "fragile" samples ( Figure 3) is consistent with the cooperative rearrangement of molecules which dominate the relaxation kinetics of a viscous liquid. This may be done in terms of the Adam and Gibbs formalism which relates viscosity and relaxation time to the configurational entropy. Assuming the relaxation time for cooperative rearrangements is driven by decrease in entropy S c (T) [46, 47] , we obtain
where, s * is the "critical" entropy of the rearranging region, Δμ is the potential energy barrier per molecule, τ 0 has units of time and is weakly temperature dependent, and k B is the Boltzmann constant.
The premise is that the non-Arrhenius molecular cinetics arises from the fraction of CRRs, the independent distinguishable subsystems into which the total system is subdivided. CRR area [25] is in weak contact with the system and is capable of independent rearrangement because of enthalpy fluctuations [41] . The size of the CRR increases on cooling and the configurational entropy decreases. This means that viscosity (or relaxation time) increases on cooling for the thermal energy decreases (specifically for thermally activated process) and for configurational entropy decreases. Because molecules individually do not contribute to the S c (T) of a liquid, but they do so as a group. The probability of cooperative rearrangement is obtained by introducing a term, z * (T), the minimum size of a region that can rearrange into another configuration. An average transition rate with a non-Arrhenius T dependence is observed experimentally in dielectric or mechanical relaxation. By assuming that the transition rate is proportional to the fraction of subsystems permitting cooperative transitions, an Arrhenius type expression for the average rate is
where W 1  and Δμ is of the order of the free energy barrier per molecule necessary for cooperative rearrangement of the z * (T) molecules per CRR. The point of the AG model is that there is no distinction between the correlated region, cluster, and the unit of molecules for the correlated motion.
According to the potential energy landscape theory [48] , when a liquid is cooled and maintained at a thermodynamic equilibrium, the probability of finding its structure in the lower energy-configurations or in deeper minima of the energy landscape increases. This means that the number of configurations, Ω, available to its structure decreases and, according to the Boltzmann equation, S c = k B lnΩ, S c decreases too. The ratio of the total number of particles N to z * (T) becomes equal to the ratio of the total configurational entropy S c (T) to the minimum entropy of a CRR, , allowing for a transition between Thus, substituting Equation (8) in Equation (6) the final equation obtained is
with R gas constant. At equilibrium, as the temperature decreases, S c (T) decreases towards zero resulting in an increase in z * to infinity at T K . While, at a given temperature namely crossover temperature, T c , the system would be entirely filled by such elementary CRRs. A common interpretation of T c is that it signals a crossover to strongly activated dynamics. From Ngai's coupling model point of view [49] , the degree of intermolecular cooperativity increases enormously below T c . In other words, molecules at lower temperatures (T < T c ) move by crossing substantial potential energy barriers. However, at higher temperatures (T > T c ), thermal energies are comparable to the barrier heights and translational motion have a fundamentally different character [50, 51] .
CRR average size is the characteristic length, l, describing a characteristic volume, (l) 3 , with z * (T), particles within. We evaluate l, using the fluctuation formula [26] :
where ρ is the mass density, N A the Avogrado number and M 0 the molar weight. We evaluate the temperature dependence of the CRR size, z * , for our disaccharide-water solutions that increases on cooling and for the configurational entropy decreases. In fact, Figure 4 and Table 1 show the temperature dependence of the size and characteristic length of CRR calculated by using Equation (8) and Equation (10), respectively. For the molecules examined, the CRR size increases with decreasing temperature and trehalose molecules tend to form a larger CRR than sucrose molecules. This implied that the probability of cooperative transitions which determine the relevant relaxation rates increases and, by assuming that the transition rate is proportional to the fraction of subsystems permitting cooperative transitions, this difference corresponds in a decrease in the rate of relaxation processes. In other words, T c , the temperature for onset of significant intermolecular cooperativity, could be considered as the temperature below which the system packs completely by multiple CRRs. Kahle et al. [52] reported a correlation between fragility index and length scales of cooperativity (cube root of the mean volume of the CRR). Also a linear correlation between fragility and the size of cooperative units has been found by Solunov [53] . As a result, the larger cooperative domain size could be correlated to trehalose-water fragility enhancement and so confirming previous results obtained by Differential Scanning Calorimetry and viscosity measurements [15, 54] . We evaluate z * (T) for our samples (Figure 4) by Equation (8) and the minimum entropy of a CRR by using the Boltzman relation for the configurational entropy of the CRR: c B z s =k ln w where z w is the number of configurations i arious ev ence that the basic molecular units in the CRR are not molecules but fragments of them, known in thermodynamic as "beads" [55] [56] [57] As suggested by Solunov, the measured number of configurations of CRR in polymers and optical glass [55, 57] has been found to be of the order of the beads in the same range. This is in contrast to the Adam-Gibbs assumption that their number is two, independent of the substances: one configuration before the rearrangement and the second one during the rearrangement.
The number of molecules in the CRR, z w with increasing temperature, so the rearranging molecular units still participate in activating hopping transport. Attention will be drawn to the obtained values of z w that are larger than 2. This supports the statement at CRR is not a rigid system (as accepted by Adam and Gibbs) and the Solunov interpretation [55] [56] [57] : CRR is a liquid unit with its own internal rearrangement. Regarding beads as basic molecular units, the intramolecular degree of freedom participate in the cooperative molecular dynamics and are a substanzial factor in avoiding crystallization.
Some facts are evident from the While the configurational contribution to heat capacity (Figure 3 ) in the temperature range T > T c is very small. Each particle is only weakly affected by other particles and diffuses and relaxes in a non cooperative way. The motions are expected to be a small scale cage escaping, and material to be homogeneus (no dynamic heterogeneity) [65, 66] .
Then we could characterize the glass transition region with kinetics with the inverse of the double-well relaxational contribution to the atomic mean square displacements related to icosecond-time-scale fluctuations, the so-called fast prop cess. Where, the slow process is an elementary process connecting to the conformational transition or structural relaxation. In accordance with the onset of the fast processes, the mean-square displacement shows an excess value, suggesting that the excess volume is required for these motions. In the conventional theories, the free volume per molecule is phenomenologically defined on the total free volume evaluated from the macroscopic measurements of thermal expansion of specific volume. Microscopic interpretation of the free volume per molecule is still open to question. In this picture, we re-examine the free-volume theory from a microscopic point of view. As microscopic quantities, we employ mean square displacement measured by neutron scattering and discuss the microscopic basis of the free-volume theory and the critical value of the mean square displacement for structural relaxation on the basis of the relation between the <u 2 > and the viscosity. If logarithm of the viscosity is plotted against the inverse of the excess mean-square displacement in the temperature range 170 K and 250 K, a linear relation is obtained as shown in Figure 6 . So, we used a relationship developed by Buchenau and Zorn [35] [36] [37] [38] . This relation between the viscosity and the relative relaxational MSD is described by u of tem are constants. It has been verified over a wide nge peratures temperature and is close to th lu n ra above the glass transition e equation derived from the free-vo me concept [66] in which the random distribution of a average free volume per atom is assumed. An data. We compare the solution viscosity data t xceeds a critical value, u 0 , which is larger than the avcould be explained by a small jump pr am and Gibbs form atom performs the fast motion having a characteristic time of an order of a picosecond in a cage, but it makes a jump to escape from the cage if the mean-square displacemen e erage value of <u 2 >. This large difference implies that cooperative motions of surrounding molecules are required for the structural relaxation. CRR is also defined as the part of subsystem which is in weak contact with the remaining part of the system, and which is capable of independent rearrangements because of fluctuation of enthalpy [24, 46] .
The critical values for the excess mean-square displacement u 0 for the trehalose-and sucrose-water samples are larger than the corresponding average values (Figure 6 ). This obability for conformational transition or structural relaxation, the slow process, occurring during the cage motion, the fast process, implying that cooperative motions are necessary for structural relaxation. For molecules to make such a large jump, they must move cooperatively, giving a very small jump probability. This probability is approximately given by the ratio of the characteristic time of the fast process to that of the slow process. The small probability of the jump may explain the large difference between the average value and the critical value of msd, and vice versa.
We found that the effective critical value, u 0 , is comparable to the size, z * (T), of the cooperatively rearranging region [67] for the slow process in glassforming solutions. This may be done in terms of the Ad alism which relates the relaxation time or viscosity to z * (T) by Equation (9) . For that we use the viscosity data plotted in Figure 6 , and Equation (11) 
which is about the energy needed to break H bond. Evidently, these are physically reasonable values of energy term Δμ and we could co of the Adam and Gibbs theory for our glassformer.
rend linear, th nfirm the validity fragile We see from the above Figure 6 that a striking linear relationship is observed in the whole investigated temperature range and neither does the viscosity follow a simple Arrhenius like behaviour nor is the u 2 t en the result we found is rather surprising. The relation between the viscosity and the relaxation times of liquid is determined by the Einstein-Debye relation [68, 69] :
where τ r is the rotational relaxation time and V denotes the molecular volume. Equation (12) derived for Brownian particles that have dimensions l it is utilized to characterize molecular motions [70] [71] [72] . arger than molecules, but As suggested by Cornicchi [73] , if we describe the picosecond time scale motions of a particle in terms of Brownian diffusion, then the Stokes Einstein law leads to an inverse relationship between u 2 and viscosity ( ). When temperature is lowered, continuous diffusion is replaced by si rticle hopping processes and an estimate of the characteristic length of such jump like diffusive dynamics is provided by u 0 value r gure 6. Chang and Sillescu [74] found that the relationship (4) was constant at high temperatures, for which low molecular weight glass forming fluids that have low viscosities, and upon approach to the glass transition this ratio rise as much as one order of magnitude with a breakdown of ED relation. Then Fisher [75] suggested the decoupling between viscosity and reorientational times in the glassformer o-terphenyl [61] by temperature dependence of the characteristic length for the dynamic glass transition. While onset of the deviation occurred between the translational diffusion constant and reorentational correlation times in the vicinity of the critical temperature, predicted by mode coupling theory, was reported for 1,3,5-tri-α-naphthyl benzene by Rössler [76] .
Our approach is as follows. Phenomenological AdamGibbs theory postulates that the CRRs grow upon cooling, and relaxation slows down because a concerted motion of larger and larger groups of particles ngle pa eported in Fi is required. Therefore solutions approaching the glass transition should relax in dynamically correlated regions (this type of dynamics is commonly referred to as spatially heterogeneous dynamics [76] [77] [78] [79] [80] [81] [82] ). Thus quantification of the size of these dynamically active regions clearly demonstrates that their size increases as a glass transition is approached. CRRs were found to be relevant to the process of cage rearrangement and relaxation. As suggested by Fisher [83] if we plot CRR volume (Figure 7 ) of trehalose and sucrose water solutions as a function of logarithm of viscosity: the cooperativity dimension is constant at high temperatures, for which the mixtures have low viscosities, while upon approach to the glass transition, this dimension systematically increased, with its value rising as much as 1 order of magnitude at the glass transition temperature. Therefore the breakdown of the Stokes Einstein relation near T g , referred to as a decoupling (Chang and Sillescu [84] ) phenomenon, is due to the spatial heterogeneity [74] [75] [76] [77] [78] [79] [80] inherent to supercooled liquids: at a given time, different regions relax with different rate. Figures 8 and 9 show the viscosity temperature dependence, plotted logarithmically as a function of (1000/T) 2 in the low temperature range and of 1000/T in the high temperature range, respectively.
intro-
In Figure 8 we see the best fit of the Ferry law [85] to the viscosity data. This plot implies that the relation duced by Ferry ( Where the high enthalpies and pre-exponentials clearly evidence a complex phenomena indicating a cooperative character and not single barrier crossings of the Arrhenius type. This behaviour is supported by the necessity of breaking, passing over the energy barrier, a certain amount of hydrogen bonds. A thermally activated process, namely making and breaking of the intermolecular H-bond, can drive both the processes and allow to frame the investigated samples in the Angell's classification of strong and fragile liquids [58] [59] [60] . Liquids in the strong class change their viscosity with temperature exhibiting only a single relaxation time (Arrhenius character).In fragile liquids viscosity changes in more complex way exhibiting temperature regions of non-Arrhenius charac nfigurations (thermodynamically-based) that V CRR , -ter. This classification is strictly connected with the umber of co n th e liquid can assume when the temperature is changed and with the energy barriers (kinetically-based) between them. Hydrogen bonded liquids in this frame show an exceptional fragility and, so we can speak of a high density of configurational states, large energy barriers between adjacent configurational states. In this framework, clearly we note the direct correlation of the thermodynamic related fragility with kinetic fragility in accord with the prediction of simulation studies of Sastry [86] .
Relaxation phenomena near and below the glass transition temperature range are non-exponential and nonlinear. Non-exponentially is very common in condensed media, but non-linearity in the glass transition is unusual because it is observed under normal experimental conditions using small temperature perturbations from equilibrium. Most methods used in describe non-linearity are based on pioneering work of Tool [87] , who expressed the relaxation time of an exponentially decaying process as a function of both temperature and departure from equilibrium. It is convenient to express the structural state of a relaxing system in terms of the fictive temperature introduced by Tool and Eichlin as the equilibrium temperature [87, 88] , and defined by them as the temperature at which the observed value of an intensive property would be the equilibrium one. In the equilibriu al rearranging region, CRR. The central idea of the AG theory is that the number of particles that cooperacreases with decreasing temperature, r m state above T g (jn the linear region) the Arrhenius form is only accurate for small temperature ranges (a better fit being provided over wider temperature ranges by the empirical Vogel equation). If the enthalpy relaxation is considered here: E F is the activation energy in the glassy state at fictive temperature and E the activation energy in the equilibrium state above T g . Then the large value of E F has been rationalized in terms of the cooperative motions of many molecules so that the activation energy is shared by a large number of relaxing species.
From the linear form of AG equation, the effective activation energy for the relaxation time has a temperature dependence determined by the temperature dependence of the number of cooperatively rearranging molecules: E = zΔμ, where Δμ is the elementary excitation energy and z the number of rearranging particles. It is assumed that only the minimum value of z, z * , contributes to the relaxation time, because processes associated with larger z values produce exponentially longer average relaxation times that are short circuited by the fastest relaxations, since the groups of z particles must rearrange independently for the definition of z. As indicated above, larger values of E correspond to larger values of z * , minimum number of particles able to rearrange, so more cooperativity.
Conclusion
The viscosity of supercooled liquids undergoes substantial increase on temperature reduction that is accompanied by a large increase in the timescale of molecular rotation and translational motions. The rate of change of viscosity on liquid super-cooling often deviates from the Arrhenius relationship.
The magnitude of such deviation can be described using the fragility concept. Non-Arrhenius behaviour in the super-cooled region can be accounted for by the presence of cooperative molecular motions. This notion has often been invoked in situation where simple explanation of dynamical properties (viscosity) failed. In a much quoted paper Adam and Gibbs postulated the existence of cooperative tively rearrange in and that the observed activation energy is the product of this number and an elementary energy corresponding to the activation energy per particle.
A striking feature of our results is the strong correlation between ED breakdown and cooperativity. The bond lattice model that we have described above shows good promise of ability to account for the thermodynamic properties of glasslike transitions. For the equilibrium liquid the number of molecules z * in a region of the liquid of sufficient size to posses a critical configuration entropy * c s ≈ k B ln2, increases with decreasing temperature. Alternatively, one may simply interpret S c as a good metric of the liquid structure and its effect on the rate of structural relaxation. Although the Adam-Gibbs theory by itself cannot explain dynamic properties it is useful to examine how the thermodynamic quantity z * changes with temperature. We have shown for the two glassformers that the CRR size increases with decreasing temperature. Then decoupling between solution viscosity with the inverse with the double-well relaxational contribution to total atomic mean square displacements is described. Where the breakdown of the Einstein-Debye relation is attributed to the intermolecular cooperativity.
Therefore viscosity data taken show an Arrhenius behaviour over a range temperature above the glass transition temperature and a departure of this type of temperatu e dependence at low T. While the apparent activation enthalpy has a physically meaningful: a constant value in the Arrhenius regime that increase as temperature is lowered. Remarkably, z * exhibits crossover properties similar to kinetic parameters: specifically, z * , close to unit at high temperature, on decreasing temperature increases monotonically. Therefore we could conclude that a similar temperature dependence reveal a synergy between thermodynamics and intermolecular coupling in governing the dynamic properties of our glassformers.
